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DIgSILENT power factory software. Due to every simulation software may have different advantages, 
this paper will observe the accuracy of fault distance calculation based on 
simulation software simulation data on the distribution model and when all types of fault are 


Distrbution network applied to the different simulation program, namely PSCAD and DIgSilent. 
Fault location The matching approach was adopted to calculate the fault distance. To 
Matching approach observe the performance of the simulation program, the distance error 
PSCAD simulation program calculation for every type of fault are compared. By using a matching 


approach, the PSCAD simulation program produces more accurate fault 
distance compare with DIgSILENT. However, it may contribute different 
result if different method and tested network applied. 
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1, INTRODUCTION 

The main objective of an electric power supply is to satisfy the customer requirements with a 
reasonable assurance of continuity and quality. In order to achieve the required, reliability of power 
distribution will achieve if normal condition always occurs in the distribution network. However, it is 
impossible to achieve due to so many factors such as environment or aging of the component which cause the 
fault. In order to maintain the reliability of the power supply, detection of fault 1s a very important part. Many 
researchers have been improved methods and also consider any simulation program to observe the pattern of 
voltage dips and current swell as reflected in the fault occurrence. In a power system, there are several 
software that's been used to simulate the power system network in terms of power load flow, short-circuit 
analysis, protection, reliability and harmonics/power quality. 

Some simulation programs have emerged that can be used in research, specifically in the field of 
electric power. Several simulation programs such as DIgSILENT and PSCAD are simulation programs that 
are widely used in research. Previous research [1-20] had used PSCAD software and [21-26] utilize 
DIgSILENT to simulate fault current at Busbar and between subsection lines to estimate fault distance. When 
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a fault occurred, the voltage dips and over current measured from the recorded node are utilized to calculate 
percentage fault distance error. 

DIgSILENT Power Factory is used to record data handling, to build modelling capabilities and 
minimizing project execution costs and training. So, DIgSILENT is one of the simulation program which 
helpful for power flow analysis, wind power, industrial grids and distributed generation in terms of 
application of new technologies. This software also serves as the ideal complement to study load flow, steady 
state voltage stability, dynamic and transient behavior of power systems. The power flow analyzes the 
current flows to the branches and voltage magnitude based on the performance of active/reactive power. It 
simulates the best possible values for optimized a user for specified objective. The power flow is one of the 
most fundamental concepts in power system in transmission and distribution network. It is highly required to 
design an accurate and stable power flow solver for the interconnected system. DIgSILENT is one of the 
software that provide powerful solver that is used by the researcher [21-26]. 

Another popular for the research works is PSCAD simulation program. It also simulation program 
which applies in electrical engineering field. PSCAD is used by engineers, researchers and students plan, and 
design, develop new concepts and testing ideas of what happened when equipment failed. PSCAD can 
conduct some related studies such as fault in power system, relay testing that can test physical protection and 
control equipment. PSCAD can conduct studies about how to measure the voltage magnitude and angle in a 
power system due to a lightning strike. PSCAD also one of the simulation program which able to record the 
real time data or signal in in nanoseconds [1-20]. 

On the other hand, the problem of fault detection in the electric power distribution system also 
forces some researcher to improve methods in order to increase the accuracy of fault detection. Some 
methods such as impedance-based [1-2], matching approaches [3-6], travelling waves [7-11], Arduino 
technology and optimization [12-13] have become developed and increased the level accuracy of fault 
localization. Due to so many fault location methods have improved, some of paper literature review also 
helps to classify the fault location method, such as in paper [16-19]. 

Based on the above discussion, this paper presents the comparative study of fault distance 
calculation using matching approach based on the simulation data from DIgSILENT and PSCAD. By 
adopting the voltage and current magnitude, the fault distance will tested on the non-homogeneous 
distribution network to evaluate the accuracy of fault distance. To make easier the understanding of the 
reader, this paper is organized as follows: in Section 2 is the overview of the research method. Section 3 
discussed the overview of tests network and followed by results and discussion in Section 4. Finally, 
conclusions are presented in Section 5. 


2. RESEARCH METHOD 

Based on the overview of fault location methods, matching appoarch is one of the method which 
claim able to produce the accurate result [3-6]. This method was utilizes voltage and current magnitude to 
calculate the fault distance. It values is one of the impact of fault occurance. A measurement that called data 
recorded device will measure voltage dips output signal because to fault at the measurement node. As 
mention it in introduction, matching approach is one of the linier method of fault distance estimation. The 
basic principle of fault distance formula is determined by assuming that the length between point p —gq is the 
represent the cable which fault is assumed occur this line of cable. It can illustrate in Figure 1. 
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Figure 1. Linier method of fault distance 


Comparison study of fault location on distribution network using PSCAD and ... (Lilik J. Awalin) 


80 Oj ISSN: 2502-4752 


The calculation will be done by finding the shortest distance, d,, fault distance, d; and actual 
length, Fd. 


d= | sin@BC x C | (1) 
dy = VA>—dk? (2) 
Fd= | dfx1p-q | /B (3) 


Where: 
@ BC= cos—1[(B2+C?—A?) / (2 x B x C)] (3.5) 
A= V(Op (dbase)— OF (meas)2+ (VF (meas)-— VP (dbase)? 
B= V(Op (dbase)— 0q (dbase)2+ (Vq (meas)— VP (dbase) 
C= V(OF (dbase)— 0q (meas)2+ (Vq (meas)-— VF (dbase)? 
Lp-g is the length of cable (Km). 


The advantage of PSCAD software is able to simulate the dynamic condition of electrical current 
and voltage during the fault occurrence, such as single phase to ground fault, line to line fault, double line to 
ground fault and three phase fault. PSCAD provide many models of the components which support to 
conduct the research, such as PI model of cable, transformer, FFT (Fast Fourier Transform), digital operation, 
kind of relay and some of electric machines, etc [15]. 

It consist of two parts which are the basic framework and the user-defined module. The basic 
framework are components in the library which have the basic function such as power supply, transformer, 
line or cable, and measurement element. The user-defined consist of the arc grounded model, the ground fault 
model [20]. Parameters of the tested network are collected such as type of cable, length of cable, load data for 
each node and input from source and transformer. The source in the system that will be used in this research 
study is 132kV with frequency 50Hz. Then the voltage will be stepping down to 11kV. A transformer is 
connected in delta-Wye connection. 

After that, the parameter value then was inserted into the DIgSILENT simulation software to 
execute for short circuit analysis. All of the type of fault is injected into the line and Busbar. Then, calculated 
using matching approach method will be done to obtain the accuracy of fault distance and then compared 
with the calculation result based on data from PSCAD. Flowchart of the Working Research is shown in 
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Figure 2. Flowchart of the Working Research 


3. OVERVIEW OF TESTED NETWORK 

The tested network, shown in Figure 3, consist of 132kV source and one unit scale down 
transformer 132kV to 11 kV. The distribution network has 19 loads/nodes which is divided in 3 branches. 
Single line diagram is presented to describe the tested network. Measurement node were placed close with 
the transformer or call as primary substation. The actual line are three-phase underground distribution 
system. The fault simulated on each section or between feeder to feeder points. 
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Figure 3. Tested Network 


Based on the actual data from Tenaga Nasional Berhad Malaysia, the tested network then was 
constructed in PSCAD and DIgSILENT software as shown in Figure 4 and Figure 5 respectivelly. It will to 
run the short circuit simulation at every line between two nodes. In the PSCAD simulation program. The 
length of line which have different impedance line values are represent non homogeneous distribution 
network. 
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Figure 5. The tested network in DIgSILENT 


Comparison study of fault location on distribution network using PSCAD and ... (Lilik J. Awalin) 


82 O ISSN: 2502-4752 


4. RESULTS AND ANALYSIS 

In this section, discussions and analysis on accuracy of fault distance will also be explained. The 
results will cover for each type of fault namely, single line to ground fault, double line fault, double line to 
ground fault, and three phase to ground fault. The accuracy of fault distance are calculated by considering the 
differences between the actual fault distance simulated in PSCAD and DIgSILENT and obtain result of fault 
distance calculation. The the differences result are devided by the total length length of cable. The accuracy 
of fault distance were simulated at the midpoint for every section. 


4.1. Comparison of fault distance based on PSCAD and DIgSILENT simulation Program 

A comparison of accuracy based on simulation results from PSCAD and DIgSILENT is discussed in 
this section. The obtained result from estimation fault distance error for single line to ground fault, line to line 
fault, double line to ground fault, and three phase fault from both software are presented in the graph. The 
blue line in the graph represented the values of fault distance error based on PSCAD simulation program. 
And the red of the dotted line in the Figure 6-8 represented accuracy of fault considering DIgSILENT. 
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Figure 6. Estimation error of fault distance for SLGF 


The estimation error of fault distance for Single Line to Ground Fault is shows inFigure 6. The 
obtain result of fault occurs in section 4&5 and 7&8 is having good performance in PSCAD and DIgSILENT 
software since the section is short distance. The length of the cable for section 4&5 is 0.14km while section 
7&8 is 0.2km. The worse performance of fault distance calculation is obtained in section 4&14 and 3&4 for 
both simulation programs. Both sections were chosen to represent long cable in each subsection which have 
real length are 1.29km and 1.25km respectively. 
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Figure 7. Estimation error of fault distance for LLF 


All fault distance calculation result for Line to Line Fault represented in Figure 7. It can be seen that 
the highest values of estimation error are between section 3&4 while the lowest is between section 4&5. The 
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fault distance error in the PSCAD software for section 3&4 is 3.0417095%, while for section 4&5 is 
0.396686%. It shows some difference value from DIgSILENT software which is 6.370873% for section 3&4 
and 0.406551% for section 4&5. From the graph, the other sections obtained slightly similar result for fault 
distance error when line to line fault occur in the tested network. The error obtained is higher because the 
section has the longest cable between the node 3 and 4 which is 1.25km. 
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Figure 8. Estimation error of fault distance for DLGF 


Figure 8 illustrates the estimation error fault fault distance for Double Line to Ground Fault. The 
result shows that the percentage error of fault distance in DigSILENT occurs in line 4&14 is the highest since 
the cable between line 4&14 is the length which is 1.29km. Meanwhile, in PSCAD software shows that the 
highest fault distance error happens at line 3&4 where it also has the longest cable lie between node 3 and 4 
which is 1.25km. In case the blue line doesn't appear, it due to the result based on DIgSILENT and PSCAD 
are same. When the double line to ground fault occur, the shortest fault distance error will happen in line 
4&5. This is because the line has very short cable compare to the other subsection in the tested network. 

Figure 9 shows that the result obtained from PSCAD and DIgSILENT for three phase to ground 
fault. It can be seen that PSCAD and DIgSILENT did not have so much different when the three phases to 
ground fault occur. From the Figure 9, it can be seen that the highest fault distance error occur at line 3&4 
and 4&14. Both lines have the longest cables in the tested distribution network. It shows that the percentage 
error is having effect mostly on the length of cable which have the long distance from the substation. 
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Figure 9. Fault distance error for each section for three phases to ground fault 


Generally, most of the percentage of fault distance error is less than 5%. It is mean that the error for 
both simulation software is acceptable. Based on length of line/cable of the tested network, the longer length 
will obtain a higher error while the shorter length will obtain less error. To be compared from both software, 
DIgSILENT obtained small value of error than PSCAD. Thus, DIgSILENT software is more accurate than 
PSCAD. 
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5. CONCLUSION 

This paper was addressed the comparative study on fault distance calculations by using different 
simulation program namely, PSCAD and DIgSILENT. Based on voltage and current which generated by 
PSCAD and DIgSILENT simulation program, the values submitted to the formulation of fault distance. The 
formulation from matching approach was adopted to calculate the fault distance. The obtain result shows that 
the performance of the percentage error of fault distance by using PSCAD and DIgSILENT are acceptable. 
However, the accuracy of fault distance for every type of fault has a different result. The percentage error 
from DIgSILENT gives smaller value than PSCAD for SLGF, DLGF and three phases to Ground Fault. 
However, different performance of accuracy is shown for LLF. In this type of fault, consideration of PSCAD 
simulation program generates better accuracy than DIgSILENT. Generally, this work have been successfully 
generate various accuracy of fault distance based on different simulation program namely PSCAD and 
DIgSILENT. 
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